What is claimed is s 

1 . A memory subsystem comprising 

two memory devices connected in parallel to a bus, 

/ 

said bus including a plurality of bus lines for 
carrying substantially all address, ydata and control in- 
formation needed by said memory devices, 

/ 

said control information including device-select 
information, 



bus containing substantially fewer bus lines than 

/ 

the number of bits in a single address, and 

/ 

said bus carrying device-select information without the 
need for separate device-select lines connected directly to 



individual memory oe^sLces 



2, The memory subsystem of claim 1 wherein said bus 



address bits and at least 




contains at least 8 bus lMies adaWted to carry at least 16 



3. The memory subsystem of claim 1 wherein said bus also 
includes parallel lines for clock and power. 



4. A system^ comprising 

a memow subsystem of claim 1 wherein each bus of said 
memory subsystem is connected to its own transceiver device 
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a transceiver bus connecting said transceiver devices, 



and 



a means 



for transferring information /between each of 
said buses of said memory subsystems and/ said transceiver 
bus, whereby memory subsystems may be integrated into a 
larger system having more memory than/an individual memory 
subsystem. 

5. The system of claim 4 having/ a plurality of memory 



subsystems 



6. The system of cl'aita 4 further comprising a master 
device connected to said transceiver bus. 



7. The system of claim /6 Wherein said master device is 
selected from the group cons/stiU of a central processing unit 
a floating point unit and dire c\ memory access unit. 



8. The system of /claim 4 further comprising a peripheral 

device connected to tke transceiver b\s, said peripheral device 

/ \ \ 

adapted for connection to otheY devices^ not on the bus. 



9. The system of claim 8 wherein said peripheral device 
selected from th/ group consisting of an I/O interface port, a 
video controlle/ and a disk controller. 
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10. The system of claim 5 wherein said transceiver bus is 
in a different plane than the plane of the bus of each of said 

» 

memory subsystems . 




11. The system of claim 5 wherein the bus /of each memory 
subsystem lies substantially in a subsystem bu4 plane and said 
transceiver bus lies substantially in a pland orthogonal to said 
subsystem bus plane. 



12. The system of claim 4 having a* least two transceiver 

/ 

buses, each transceiver bus having a plurality of memory 
subsystem buses connected lfhr\ugh a first transceiver to said 

transceiver bus, 

each of said transceiver busfes being further connected to a 
second transceiver adapted to interface to a second-order 
transceiver bus, whereby each/transceiver bus is connected 



through 



second transceiver to fo\rm a second-order 



transceiver bus unit. 



13. A semiconductor subsystem bus for interconnecting 




semiconductor devices/ comprising 



a plurality of semiconductor devices connected in 
parallel to a /bus, at least one of said semiconductor 
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devices being a memory device or a transceiver device which 
in turn is connected to a memory subsystem/ 

said' bus including a plurality of bus lines for 
• : " - • / 

carrying substantially all address, data/ and control 

I 

information needed by said semiconductor devices, 

said control information including semiconductor 
device-select information, 

said bus containing substantially fewer bus lines than 
the number of bits in a single acldress, and 

said bus carrying device-select information without the 

:t lines connected directly to 

'ices , and 
e register in each of the semi- 
ybus, said modifiable registers 
being accessible f rom Is4id\us , whereby the subsystem can be 
configured using signalls transmitted on said bus. 



need for separate device- 
individual semiconduc 
at least one mod. 



conductor devices on sa^ 



14. The semiconductor 

4L 



;ubsysteAbus of claim 13 wherein one 



type of modifiable register \is an access-time register designed 
to store a time del J after Ihich a device may take, some 
specified action on said bus. 



15. The semiconductor subsystem bus of claim 13 further 
comprising a semiconductor device having at least two access-time 



registers and 



/ 
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one of said access-time registers is permanently programmed 

to contain a fixed value and at least one of/ said access-time 

! / * 

registers can be modified by information carried on said bus. 



16. The semiconductor subsystem bus of claim 13 further 
comprising a memory device having at least one discrete memory 
section and also having a modifiable /address register adapted to 
store memory address information which corresponds to each said 
discrete memory section. 




17. The semiconductor subsystem bus of claim 16 wherein 
said memory address inf ormatio\comprises a pointer to said dis 
crete memory section. 




18. The semiconductor subsystem Vs of claim 16 wherein 
said discrete memory section has a topNand a bottom and said 
memory address informati/on comprises pointers to said ^top and 



said bottom. 



* 19. The semicoriductor subsystem bus of claim 16 wherein 



said memory address/inf ormation wromprises 



a pointer to said discrete memory section and 



a range 7 value indicating the size of said discrete 
memory section. 
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20. The semiconductor subsystem bus of claim 16 wherein 

said address registers of each of said disc/ete memory sections 
of each of said memory devices connected «b said bus are set to 
contain memory address information that i/s different for each 
discrete memory section and such that tl/e highest memory address 
in each discrete memory section is one /less than the lowest 
memory address in another discrete memory section, 

whereby memory may be organized/into one or a small number 
of contiguous memory blocks. 

21. The semiconductor subsystem bus of claim 16 further 
comprising a means for testing/each of said discrete memory sec- 
tions of each of said memory/devices for proper function, and 



for each rion 
means for setti\ 



unctional discrete memory section, a 



least one address register which 



corresponds to Lid dWete memory section to indicate that 
said discrete mJmory section is non-functional, , 
for each functional Viscrete memory section, 



for setting a/leW on. aWess register which 

to said discfete irtemory section to contain such 



a means 



corresponds 



corresponding address information. 



22. The /Semiconductor subsystem bus of claim 21 wherein 
said address/registers corresponding to said discrete memory 
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sections are set to provide one contiguous memory block within 
the subsystem. 



23. The semiconductor subsystem/bus of claim 13 wherein one 
of said modifiable registers is a device identification register 
which can be modified to contain a/value unique to that 
semiconductor device. 



24. The semiconductor subsystem bus of claim 23 wherein 
said device identification register is set to contain a unique 
value which is a function of/ the physical position of that 
semiconductor device eitherf along said bus or in relationship to 
other semiconductor devices or said bus. 



25. A bus\ subsystem comprising 

two semiconductor devices connected in parallel to a 
bus, wherein- one of said semiconductor devices is, a master 



device, 



i 



said master device including a means for initiating bus 



» transactions/ \ 

said bus including a plurality of bus lines for 
carrying substantially all address, data and control 
information needed by said devices, 

said control information including device-select 



information. 
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said bus containing substantially fewer lines than the 

• / 
number of bits in a single address, and 

said bus carrying device-select/information without the 
need for separate device-select lines connected directly to 

_ _ ... - x», - 

initiates bus transactions which/ transfer information 
between said semiconductor devices on said bus. 



26. The bus subsystem of cl£im 25 wherein one of said 
semiconductor devices is a memoify device connected to said bus, 
said memory device having at least one discrete memory section 
and also having a modifiable Address register adapted to store 
memory address infir^ation \ftiich corresponds to each said 
discrete memory se 




27. The bus subsystem of claim 26 wherein one of said 

semiconductor device\s comprisesXa transceiver device connected in 

\ / \ 

parallel to said bus land connected in parallel to a memory device 



on a bus other than /said bus . 



28. The bus/subsystem of claim 26 further including a means 
for said master device to request said memory device to prepare 
for a bus transaction by sending a request packet along said bus, 
said memory device and said master device each having a device- 



internal means to prepare to begin said bus transaction during a 
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device-internal phase and further having a bus access means to 
effect said bus transaction during a bus access phase, said 

request packet including 

a sequence of bytes containing address and control 

information, 

said control information including information about 
the requested bus transaction and/about the access time, 
which corresponds to a number of bus cycles, which needs to 
intervene before beginning said bus-access phase, and 

said address information pointing to at least one 
memory location within one^f said discrete memory sections 

* 

of said memory device. 



29. The bus subsVstem/of claim 28 wherein said memory 
device includes a meVansVp read said control information and 
initiate said deviceiinteinal means at a time so as to complete 
said device-internal \ph4se \ithin said access time and begin said 

\ \ 

bus access phase after said ntunber of bus cycles. 




30. The bus subsystem of claim 28 wherein said control 

I 

information comprises an op code. 



31. The bus subsystem of claim 30 wherein said memory 
device includes sense amplifiers adapted to hold a bit of 
information/or to precharge after a selected time and a means to 



t 
* 



High Performance Bus Interface -71- 





h: 1 ' 



transfer a data block during a data block transfer either reading 
data from said memory device or writing data/ into said memory 
device, and 

wherein said op code instructs said memory device to 
activate a response means, said response means including a means 



to 



10 



in 



If 3 
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initiate a data block transfer, 
select the size of said data/ block, 

select the time to initiate' said data block transfer, 

access a control register/ including reading from or 

/ 

writing to said control register, 



7 



7. 



precharge said sense amplifiers after each of said data 



block transfers is complete, 



7 



hold a bit of \xnf ormation in each of said sense 



amplifiers after ea 
complete , or 



select normal or 



32. The bus subsystem 

transfer comprises a read frdtm or a 

** ■ * 
single memory device. 




data block transfers is 



-mode access. 



31 wherein said data block 
write to memory within a 



33. The bus subsystem of claim 28 further comprising a 

/ 

means for said master device to send control information to a 

/ 

25 specific one of said semiconductor devices on said bus by 
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number 



unique to said semiconductor device. 



34"V ; The bus subsystem of claim 28/ further comprising a 
5 means for said master device to send control information to a 
selected one of said discrete memory /portions by including in 
said request packet a specific memory address. 



10. 

e 

" t 



K7 



m 



35. The bus subsystem of claim 28 further comprising a 



means 



mas 



ter device to send control information to 



substantially all semi conduct or/ devices on said bus by including 

§ ■ 

in said request packet a special device identification number 
which is recognized by said semiconductor devices. 



153 



8 



36. The bus subsystem of claim 28 wherein said control 
information specifies directly or indirectly the number of bus 



cycles for said master dievice^ and said memory device to wait 



before beginning 



s access phase. 



20 



37. The bus subsystem of claim 36 wherein, for a data block 
transfer, said masteir devrce and said memory device use the same 



access time and same data block size regardless of whether sai 
data block transfer is a read or write operation. 
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38 . The bus subsystem of claim 28 wherein said control 



information further includes a block-size v 
specifies the size of the block of data to 



39. The bus subsystem of claim 38 wherein said block-size 
value is encoded as a linear value for relatively small block 
sizes values and is encoded as a logarithmic value for relatively 
larger block sizes . 

40. The bus subsystem of claim/ 38 wherein said block-size 



Encoded Value 



0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 




that encodes and 



value is encoded using four bits, fnd where the encoded value is 



41. The bus subsystem 
device is a DRAM device containing 



wherein 



memory 



a plurality of sense amplifiers 
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a means to hold said sense amplifiers in an unmodified 
state after a read or write operation , /leaving the device in 
page mode, 

a means to precharge said sense /amplifiers and 
a means for selecting whether to precharge said sense 

amplifiers or to hold said sense amplifiers in an unmodified 

state. 



42. The bus ' subsystem of claim/ 28 wherein said request 
packet comprises an even number of /bytes . 



43. The bus subsystem of claim 28 further including a means 
for generating and controlling d plurality of bus cycles , during 
which said bus carries \said address, data and control 
information, and wherein\ a\teiWe said bus cycles are designated 
odd cycles and even cycles, ^respectively, and wherein said 
request packet begins onlyVon ;an even cycle. < 



44. The bus subsystem lof cle^m 28 further including a means 
for generating ECC information corresponding to a block of data 
and a means for using s,aid ECC information to correct errors in 
storing or reading saiti block of data, wherein said ECC 
information may be stored separately from said block of data. 



■ 
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45. The bus subsystem- of claim 44 further comprising at 
least two of said memory devices wherein saidr ECC information and 
said corresponding block of data are stored /in a first and a 
second said memory device, respectively, aAd said master device 



includes a means to write or read said block of data with error 
correction by sending separate ones of said request packets for 
said ECC information and for said corresponding block of data. 



• • 



46. A bus subsystem comprisxng 

a memory device and a mas/ter device connected in 

parallel on a bus, 

a means for said faster device to send a request 

packet and initiate a/ bus transaction and 

a means said master device to keep track of 

current and peVoing bus transactions, 
said bus includfing\a plurality of bus lines for 
carrying substantial!* ak address, data and control 



information needed 



by 



/ 



laidVientory devices, 



said bus containing substantially fewer lines than the 
* number of bits in /a single address, and 

said bus carrying device-select information without the 
need for separate device-select lines connected directly to 
individual devices on said bus, whereby said master device 



initiates bus/ transactions which transfer information 
between devi/ces on said bus and collisions on said bus are 
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avoided because said master device avoids initiating bus 
transactions which would conflict with Current or pending 
bus transactions. 



47. The bus subsystem of claim 46 having at least two of 

said master devices and including 

a collision detecting means thereby a first said master 
device sending a first said request packet can detect a 
second said master device sending one of said colliding 



request packets, where one of 



said colliding request 



packet may be sent simultaneous with the initial sending of 
or overlapping the sending Lt said first request packet, and 



an arbitration LaV whereby said first and said second 
master devices selectW pVority order in which each of said 
master devices will be\ allowed to access said bus 
sequentially. 



48. The bus subsystem of\ claim 4J wherein each of 
master devices has a master ID number and each of said 



said 





packets includes a master ID position which is a 
number of bits in a /predetermined position in 
packet, and whereiii said collision detection means comprises 

a means /included in each master device for sending a 
request packet including said master ID number of said 
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master device in said master ID position of said request 
packet and 

a means to detect a collision afnd invoke said 

means if any master device detects any other 
master ID number in said master I© position. 



49. The bus subsystem of claim' 47 wherein each of said 

master devices includes 

a means for sending a xdqaest packet, 

a means for driving a /elected bus line or lines during 
at least one selected bus /cycle while said request packet is 
being sent, 

a means for monitoring said selected bus line or lines 
to see if a said\niaste/ device is sending a colliding 

l«p request packet an< 

it a means for inarming all other master devices that a 

collision has occurred and for invoking said arbitration 



means . 



,50. - ta -^.t- J . 

master devices includes 

a means, ywhen sending a request packet, to drive a 
selected bus/line or lines with a certain current during at 
least one selected bus cycle, 
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^ a means for monitoring said selected bus line or lines 
for a greater than normal current to^see if another master 

device is driving that line or lines/ 

/ 

a means for detecting said greater than normal current, 



and 



a means for informing all sa&d master devices that a 



collision has occurred and for invoking said arbitration 



means . 



51. The bus subsystem of claim 47 wherein said arbitration 



means comprises 



a means for initiating an arbitration cycle. 



a means for 



device during at l^ a ^- 
the start of said Arbitration cycle, 



locating a single bus line to each master 
ne selected bus cycle relative to 



a means for all< 



0 

ig each master device to a single 



bus line during one of said\selected bus cycles if there are 
more master devices /th^n available bus lines, / 

a means for ea/bh of said master devices which sent a 



colliding request/packefc to drive said bus line allocated to 



said master devi/e during said selected bus cycle, and 
a means in/at least one of said master devices for 
storing information about which master devices sent a 
colliding ireduest packet, 
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whereby said master devices can monitor selected bus 



I 

lines during said arbitration cycle and identify each said 
master device which sent a colliding/ request packet. 



52. The bus subsystem of claim 47/ wherein said arbitration 
means comprises 

a means included in a first/ one of said master devices 
which sent colliding request packets for identifying each of 
said master devices which sent colliding request 

a means for assigning a/ priority to each said master 
device which sent a ^colliding request packet, and 

a means for allowing /each said master device which sent 
a colliding request pkck&t to access the bus sequentially 
according to that priority 



53. The bus subsystem of claim 52 wherein said priority is 
based on the physical locationVof each of said master devices. 



54. The bus subsystem of claim 52 wherein said priority is 
based on said master Ln number of said master devices. 



55. The bus s/ubsystem of claim 52 wherein each of said 

devices includes a means, when sending a colliding request 
packet, for deciaing which master device can send the next 
request packet in what order or at what time, whereby no master 



device may send a new request packet until 
pending request packet have been complete 



56. A bus subsystem comprising 

a plurality of semiconductor /devices connected in 
parallel to a bus, 

said bus including a plurality of bus lines for 
carrying substantially all address, data and control 
information needed by said semiconductor devices, 

said control information including device-select 
information, 

said bus conl&ining Substantially fewer lines than the 
number of bits in^ s^in^le address, 

said bus carrying /said device-select inf ormation with- 



out the need for sepairare device-select lines connected 

V \ 

directly to individual semiconductor devices, 

said semiconductor devices including a reset means 
having an input arid an VutpuV, the output of the reset means 
of one semiconductor devitee being connected to the input of 
the reset means/ of the next semiconductor device in series . 



57 • The bus /subsystem of claim 56 further including system 



reset means comprising 



a means for generating a first and a second reset 



signal, 
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a means for passing said first rteset signal to a first 
of said semiconductor devices and thfen to subsequent ones of 
said semiconductor devices in series and 

a means for passing a second reset signal to said first 
semiconductor device and then to /said subsequent 
semiconductor devices in series 
said bus subsystem including one of said semiconductor devices 



containing 



a device identification /register adapted to contain a 



number unique to said semiconductor device within 
subsystem, 



bus 



a device identification register setting means, and 



a device res 



/ 



for resetting 



s emi conduc tor 



device to some desired/ known reset state in response to 
said first reset signal and for setting said device 
identification regis > '6^r\n response to said second reset 
signal, 

whereby said bus subsystem can be reset to a known 

reset state with /a unique device identification value in 

said device identification register of each of said 

I 

* semiconductor devices. 



58. The bus/subsystem of claim 57 wherein said desired, 
known reset stat4 is where all registers in the semiconductor 
device are cleared and the state machines are reset. 
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59 . The bus subsystem of claim 57 wj 
identification register setting means comprises 

tCOI 



a means 



for detecting said second reset signal, 



a means for reading a device /identification number from 
id bus lines at a specific timfe relative to said second 



reset signal and 

a means for storing 



'device identification number 



m sa 



id device identification register of said semiconductor 



device • 



60. The bus subsystem of claim 57 wherein said second reset 

^^^^^^ ^ ^ 

signal comprises multiple pulse sequences and wherein said device 
identification setting! means includes 

a means for Interpreting said pulse sequences as a 



device identificatlq 



>er and 



a means for stftringNsaid device identification number 
in said device ideht^Lf icatfj.on register of said semiconductor 
device . 



* / I 

61. The bus subsystem of claim 57 wherein said device reset 
means comprises an/n-stage shift register capable of storing li- 
bit values, wherein said device reset means interprets a specific 
value in said sttift register as said first reset signal and 
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interprets a specific value in said shift Register as said second 
reset signal. 



62. The bus subsystem of claim 5J wherein one of said 
semiconductor devices is a master device, said master device 
including a means for generating sa^tt first and said second reset 
signals • 



63. The bus subsystem of claim 57 wherein one of said 
semiconductor devices is a master device , said master device 



including 



a master ID r^gis^^/ 
a means for ass^ning a 



master ID number to said master 



device and 




a means for storing said master ID number in said 



master ID register. 




• . • 



64. The bus subsystem of claim 63 further comprisxng a 
second one of said Master devices, /and a means for a first one of 
said master device4 to assign a master ID number to substantially 

• / 
» / 

all' other said master devices , whereby said first master device 
assigns one of said master ID numbers to each of said master 
devices on said: bus subsystem and each said master device stores 
said assigned /master ID number in said master ID register. 
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- -V 65. - The bus subsystem of claim 57 wherein one. of said 

semiconductor devices includes a device-type register adapted to 

I 

contain an identifier characteristic of that type of 
semiconductor device, and one or more modifiable registers, at 
least one of which is an access-time register adapted for storing 
access times . 



66. The bus subsystem of claim 65 wherein one of said 

semiconductor devices is a master device having 

a means for selecting ar semiconductor device, 
a means for reading slid device-type register of said 
selected semiconductor device/ 



a means for 



ting the device type of said 



selected semiconductor/ device, 



a means for dete, 

s 



.ning access-time values appropriate 



for said selected semico: 



Lductor device and for storing said 



access-time values /in said access-time registers of said 



selected semiconductor device, and 

a means for /selecting a^id storing other values 



appropriate fory 



lectedv semiconductor device in 



corresponding /Registers of said selected semiconductor 



device, 



wherebV said master device can select a Bejuxuunuu^w^ 
ice, determine what type it is, and set said access-time 



master device can select a semiconductor 



and other/registers to contain appropriate values. 



■ § 
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* 67. The bus subsystem of claim 66 further comprising a 
memory device having at least one discre'te memory section and at 
least one modifiable address register a/dapted to store memory 
address information which corresponds/to each of said discrete 

memory sections, and 

said master device further comprising a means for selecting 
and testing each of said discrete Aemory sections and a means for 
storing address information in said address registers 
corresponding to each of said discrete memory sections, whereby 
said master device can test all/ said discrete memory sections and 
assign unique address values 



68. A bus subsystem comprising 

two semiconductor/ devices connected in parallel to a 
bus, one of said semiconductor devices being a master 
device , 

said bus inclutiin^g a plurality of bus data lines for 
carrying substantially \ll Address, data and control 



information needed by said semiconductor devices, 

said contrpl information' including device-select 
information, 

said bus' containing substantially fewer of said bus 
data lines than the number of bits in a single address, and 
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said bus carrying device-select information without the 

need for separate device-select lilies connected directly to 

: / 
individual semiconductor devices/ 

wherein all of said bus data lines are terminated 

transmission lines and all of ^aid address, data and control 

information is carried on said bus data lines as a 

sequential series of bits ix/ the form of low-voltage-swing 

signals. 



69. The bus subsystem of claim 68 further comprising a 

/ 

semiconductor device including a current-mode driver connected to 



drive one of said bus data /lines. 



70. The bus s\ibsystem of claim 69 further comprising a 
semiconductor device haying a means to measure the voltage of 




low-voltage-swingAsigrnals on a selected one of said bus data 

lines, whereby said semiconductor device can determine whether 

/ \\ 

zero, one, or more than on^\pf said current-mode drivers are 
driving said selected bus data line. 



* 71. The bus /subsystem of claim 70 further comprising a 

semiconductor device having 

/ 

a plurality of input receivers connected to one of said 
bus data lines, and 
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a selection means for selecting said input 

- . . • :; / . i . 

one by one to sense and store, one at a time, the bits of 
said sequential series of bits. 



s 



72. The bus subsystem of claim 70 further comprising a 
emiconductor device having two input receivers connected to one 



of 



bus data lines. 



73. A bus subsystem comprising 

two semiconductor cjevices connected in parallel to a 

bus including a 



bus having a firkt and /a second end, 
bus clock line, sa\d bus clock line having 



and second 



and second ends of said 



ends corresponding ty 

bus , respectively, 

a clock generator connected to said first end of said 
bus clock line to/generate early bus clock signals with a 



normal rise time/ anl 



signal return means c 
clock line to j/eturn said 



taid second end of said bus 
y bus clock signals to said 
first end of ^aid bus as corresponding late bus clock 

/ 

signals, / 

wherebj/ each of said early bus clock signals will 
propagate from said clock generator along said clock line 
starting from said first end to said second end of said bus 
and then /return at a later time to said first, end of said 
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bus as a corresponding late bus clock 
semiconductor device on said bus can 
clock signals and said correspondin 



74. The bus subsystem of claim 73 further comprising a 
first and a second said bus clock line having first and second 
ends at said first and said second ends of said bus, 
respectively, wherein said signal return means directly connects 
said second ends of said first an<y said second bus clock lines 
whereby each of said early bus clock signals will propagate from 



said clock generator at said first end of said bus along said 
first bus clock line to said second end of said bus and then 



return on 



secon 



bus as one of said c 



return means comprises 



terminator at 



clock line will be re 




k line to said first end of said 



ing late bus clock signals. 



75. The bus subsystem \f claim 73 wherein said signal 



seco 




st bus clock line without a line 



bus clock signals reachang sai 

fleece 

as said corresponding late ras clock signals. 



reof whereby each of said early 



end of said first bus 



d back along said first bus clock line 
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76. .-The: 'bus -'subsystem -'of claim 73 further comprising 

. \ - ' ■ - - ' : • / . - - 

a means for operating said bus in bus cycles timed to 

I 

have a certain bus cycle frequency and a corresponding bus 
cycle period and 

a means for operating said clock generator with a 



of twice the bus cycle period. 



77. The bus subsystem of clapa 76 wherein said bus cycle 
frequency is greater than approximately 50 MHz and less than 
10 equal to approximately 500 MHz, 



: c 
: T 



; s : 

i = I 



1 £Z$ 



78. The bus subsystem of claim 73 further including a 
semiconductor device haying aiy internal device clock generating 



means to 



the midpoint yfcime between said early and 



15 corresponding late bus ciockY signals and to generate an 
g device clock synchronized tpNsaid midpoint time. 



20 



25 



79. The bus subsystem of claim 73 further including a 
semiconductor device having a lowrskew clock generator circuit 



compnsxng 



a first delay line having an input, an output and a 
basic delay and means for synchronizing the output of 
first delay line with said early bus clock signal, 

a second delay line having said basic delay plus a 
variable delay, said second delay line having an output and 



a means for synchronizing the output /of said second delay 
line with said late bus clock signal, and 

a third delay line having a third delay and a means to 
set said third delay midway between the delays of said first 
and second delay lines, said third delay line having an 
output which provides an internal device clock signal 



synchronized to a time halfway/between said early and 
late bus clock signals. 



80. The bus subsystem of claim 73 wherein said early and 
said late bus clock signals are low-voltage-swing signals that 
transition cyclically between/ low and high logical values, and 
further including a semiconductor device having a low-skew clock 

generator circuit comprising 

a DC amplifier Jo convert said early and said late bus 

clock signals into fuM.-swing logic signals, 

\ ^ 

variable delay line having a first variable 



delay and an inpuyt\and an. output, the input of said first 
variable delay line being Wnnec ted to said DC amplifier 
a first, a /second and a third additional delay line, 
• : each having an/input\ and an output, the input of each of 



additional delay lines being connected to the output of 

said first delay line, 

/. 

said first additional delay line having a fixed 
delay/ 



/ 
/ 
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said second additional delay/ line having said 
fixed delay plus a second variable delay, and 

.said third additional dela^ line having said fixed 
delay plus one half of said second variable delay, 
a first clocked input receiver/ connected to sample said 

early bus clock signal and gated by said output of said 

first additional delay line, 

a means for adjusting said /first variable delay so said 

first clocked input receiver samples said early bus clock 

signal just as said early bus' clock signal transitions, 
a second clocked input /receiver connected to sample 



said late bus clock signal/ and gated by said output of 
second additional delay line, 

a means fori adjusting said second variable delay so 
said second clockeciWput receiver samples said late bus 



clock signal just\as said late bus clock signal transitions, 

whereby said dutput \f said third additional delay line 

V \ 

is synchronized to k time Halfway between said outputs of 
said first and said second additional delay lines, and said 
output of said third additionally delay line provides an 
internal device clock signal. 




81. The bus subsystem of claim 80 further comprising a 
semiconductor deyic^ having 



a first one. of said low- skew clock generator 

. . . - , , ■ i ^ * -.» *'*_-_ - ?— i^-.* - - y ■ - 

circuits which generates a "yrue" internal device clock 
signal and 

4 

* M 

a second one of said low-skew clock generator 
circuits connected to generate a "complement" internal 
device clock signal synchronized with but opposite in 
logical value to said "/rue" internal device clock 
signal. 



82. A DRAM device designed to be connected to an external 
bus having a plurality of bus lines for carrying substantially 
all address, data and control information needed by said DRAM 



device as a sequentjaa! 



es of bits, said control information 



including device-select\iiif ormation, said external bus containing 
substantially fewer saieybus lines than the number of bits in a 
single address, and said bus carrying device-select information 
without the need, for separate device-select lines connected 
directly to said DRAM/keviceAsaid DRAM device comprising 

an array or memory cells connected in rows and columns, 
each of said memory^ cells adapted to store one of said bits, 

a row address selection means for selecting one of said 



rows 



a column sense amp connected to each of 



columns, 



each of said column sense amps adapted to latch one of said 
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bits as a binary logical value or to/ precharge to a selected 



a column decoding means connected to each of said 
column sense amps for selecting a/plurality of said column 

* / 

sense amps for inputting one of yfeaid bits to or outputting 
one of said bits from said memory cells, 

an internal I/O bus having a plurality of internal I/O 
lines wherein each of said internal I/O lines is connected 
to a plurality of said column sense amps, and 

a plurality of bus connection means designed to connect 
said internal I/O lines to said external bus, 

whereby a^selected bit of said sequential series of 
bits can be transferred' from said external bus to a selected 
one of said memo^ce/ls or said bit contained in a selected 
one of said memory djlls can be transferred to said external 
bus . 




83. The DRAM devic* of claim 82 further comprising 

an output d/ive\ connected to one said bus connection 

means , 

an output/ multiplexer having an output connected to 
said output driver and a plurality of inputs, each of said 
inputs being connected to one of said internal I/O lines, 
and 
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a control means to select whether said output driver 



can drive said external bus, 



whereby a plurality of memory cells are selected using 
said row address selection means and^said column decoding 
means and a plurality of bits contained in said plurality of 



memory cells are output through 



column sense amps to 



said i 



output 



I/O bus to said output multiplexer to said 
to said external/ bus* 



10 



15 



E 
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84. The DRAM device of claim 82 further comprising 

a plurality cftsinput Receivers connected to one of said 
bus data lines and tOv sai& internal I/O bus, 

means\f/r 



a selection 



selecting said input receivers 



one by one to sense and'Vtore, one at a time, the bits of 
said sequential series of\bits, and 

a control means ko selfect whether an input receiver can 
drive said internal jl/O bus\ whereby a bit of said 
sequential series df bits is \nput from said external bus 
through one of saiclXinput receiN^rs to one of said internal 
I/O lines to one yof said column sense amps to one of said 



* memory cells. 



• / 

w 
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85. The DRAM device of claim 82 further comprising 

a first and a second half -array of said memory cells 
wherein each said row of said array of said memory cells is 

subdivided into two parts, 

a first and a second one of /said internal I/O buses 



connected to said column sense amps in 
second half-arrays, respectively, and 



first and said 



a co 



lumn decoder means to/gate selected ones of said 



column sense amps connected to said memory cells in a 
selected row of said first &pd said second half-arrays 
simultaneously . 



\ 



86. The DRAM device\c>£ claim 85 wherein said column decoder 



means selects sixteen col 



ense amps at a time. 



87 . The DRAM device ofA cla. 



82 wherein said external bus 



operates at a certain speed And wherein said DRAM device includes 
four of said internal I/o/>usW, each\a|_ which operates at one- 
fourth the speed of said fexterhal bus . 



i 88. The DRAM devide of claim 82 further comprising 

a means for t/recharging one of said column sense amps 
to a precharged s/tate from which a binary logical value can 
quickly be loaded into said column sense amp, 
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if said column sense amp contains /a binary logical 
value, a means for latching the logicA value currently 
contained in said column sense amp and 

a means for instructing said DRJAM device to precharge 
column sense amp or latch sal/ binary logical value in 
said column 6ense amp. 



89 . The DRAM device of claim 88 further comprising a means 
for instructing said DRAM device to/ precharge said column sense 
amp without further instruction whenever said row address 
selection means selects a different one of said rows. 



90. The DRAM dev&se of dlaim 88 further comprising a means 
for instructing said DR^de/ice to precharge said column sense 



amp without further instruo&pn at a first or a second 

preselected time after laXhinV the latest said binary logical 

value, said first preselected time being long enough for said 

DRAM to latch said binary ligical \alue into said column sense 

amp and transfer said 4nary\logicalSralue into memory or onto 

one of said internal /I/O lines, and said second preselected time 

being a variable whi4 can be stored in said DRAM device whereby 

said DRAM can latch' a binary logical value into said column sense 

amp for transferring said binary logical value into or out of a 

/ 

selected said memory cell, then precharge to allow a faster 



subsequent read/ or write. 
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91 • A package containing 

a semiconductor die having a side, circuitry and a 
plurality of connecting areas positioned along or near said 
side, spaced at a selected pitch and connected to said 
circuitry/ 

said package comprising a plurality of bus connecting 
means for connecti/ng to a plurality of external bus lines, 
each of said external bus lines corresponding to one of 
connecting areas/, each of said bus connecting means being 

positioned on a first side of said package, 
connected to one said external bus line and to 
said (Corresponding connecting area on said 
semiconductor die, and 

ted\t a pitch substantially identical to said 

selecteti\pitch>of said connecting areas, 
whereby each of s^fcid external bus lines can be 
connected /to said corresponding connecting area on said 
semiconductor die\by bus connection means positioned along a 
single side of said package. 



•^92. The package of claim 91 further comprising a plurality 
of said bus connecting means wherein each of said bus connecting 

means includes 

a pin adapted for connection to one of said external 

bus 7 lines and 



a wire connecting said pin to one /of said connecting 
areas on said semiconductor die, 

said wire having an effective lead length less than about 4 
millimeters and wherein the effective lead length of said wire of 
each of said bus connection means for safd package is 
approximately equal. 



93. A plurality of packages of claim 91 wherein at least 

M * 

two of said semiconductor die are memory devices, each of said 
packages being generally flat, having a top and a bottom, and 
wherein 

said packages are physically secured adjacent and parallel 



to each other in a stack, 
where a first one of 



ikages is adjacent to a second 



one of said packages in said stack, said top of said first 



package is substantially aliened Vith said bottom of said second 
package, and 

said bus connecting means\of ead^i of said packages' are 
substantially aligned and are^ lying substantially in a plane. 



:*94. The plurality of ZackagW of cl^im 93 further 
comprising a plurality of /stacks wherein each of said bus con- 
necting means can be electrically connected to corresponding said 
bus connecting means in /each of said stacks. 



95. A semiconductor device capable /of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus A/herein said bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 



substantially fewer bus lines than fthe number of bits in a single 



address, and carries device-selecty information for 
semiconductor device without the need for a separate device- 

select line connected directly to said individual semiconductor 

V\ / 

device, said sendconductor device comprising 

connection means \da£ted to connect said semiconductor 

device to said bus, and 

at least one modif ik&le identification register 
accessible to said busythroiigh said connection means, 
whereby data may be transmitted to said register via said 
bus and enable said device the\reafter to be uniquely 
identified. 



' 96. The semiconductor device of claim 95 wherein 
semiconductor device is a memory device which connects 
substantially only to /said bus and sends and receives 
substantially all address, data and control information over said 
bus . - 



/ 
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97." A semiconductor device capable oj: use in a semi- 
conductor bus . architecture including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than/the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without th<& need for a separate device- 
select line connected dlrWly/to said individual semiconductor 
device, said semiconductor \ievice comprising 



connection means adapted to connect said semiconductor 

device to said bus, and 

at least one mo4ifiab\e register to hold device address 
information, said modifiable register accessible to 
said bus through Said connection means, whereby data 
may be transmitted^ saik register via said bus which 
enables sai'd device thereafter to respond to a 
predetermined range of addresses. 



98. The semiconductor device of claim 97 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
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substantially all address, data and control information over said 



bus . 



99. The semiconductor device of claim 98 wherein said 
memory device has at least one discrete memory section and also 
has at least one modifiable address register adapted to store 
memory address information which corresponds to each said 



discrete memory section. 



100. The semiconductor device of claim 99 wherein said 
memory address information comprises a pointer to said discrete 
memory section. 

\ 

101. The semiconductor Vevice of claim 100 wherein said 
discrete memory section las/a\top and a bottom and said memory 
address information compr^i/es pointers to said top and said 
bottom . 



102. The semiconductor device Af claim 100 wherein said 
memory address information Comprises 

a pointer to' said discrete memory section and 

a range valfce indicating the s^ze of said discrete 



memory section 
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1 103; A semiconductor device capable' of use in a semi- 
conductor bus architecture including a/plurality of semiconductor 

devices connected in parallel to a bus wherein said bus includes 

/ 

a plurality of bus lines for carrying substantially all address ,• 
data and control information needed by said semiconductor device 
for communication with substantia/ly every other semiconductor 
device connected to said bus, and has substantially fewer bus 
lines than the number of bits iri a single address, 



semiconductor device comprising 

connection means adapted to connect said semiconductor 

device to said bus, and/ 

at least one modifiable access-time register accessible 



to s 



bus thrbugh said connection means, whereby data may 

be transmitted lo^ld register via said bus which 
establishes a predetermined amount of time that said 
semiconductor devifce thereafter must wait before using said 

V 

bus in response to a re< 



104. The semiconductor^ device^of claim 103 wherein said 
semiconductor device is a memory device which connects 
substantially onlJ to said bus and sends and receives 
substantially altf address, data and control information over said 

bus . 
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^ 105. The semiconductor device of claim 103 further 
comprising at least two access-time registers and one of said 
access-time registers is permanently programmed to contain a 
fixed value and at least one of said acc/ss-time registers can be 
modified by information carried on said/ bus. 



106. A semiconductor device 



>le of use in a semi- 



conductor bus architecture including^ a plurality of semiconductor 
devices connected in parallel to a/bus wherein said bus includes 



a plurality of bus lines 



ing substantially all address, 



data, control and device-\e]W information needed by said 



semiconductor device for o 



IU1 



4cation with substantially every 



other semiconductor device connected to said bus, and has 
substantially fewer bus linel than\ the number of bits in a single 



address, and carries device 
semiconductor device witho 



sviceAse 
ithoAt t 
liric- 



lect information for said 
e needy for a separate device- 
individual semiconductor 



select line connected directly to 

device, and wherein each/said bu\ line Vs a terminated 
transmission line, said/ semiconductor deVice comprising 

connection m/ans adapted to connect said semiconductor 

bus. 



device to said 



and 



a bus line/driver capable of producing a low-voltage- 
swing signal Jn one of said terminated Vransmission lines. 
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107. The semiconductor device of claim 106 wherein said 
semiconductor device is a memory device .Which connects 
substantially- only to said bus and sends and receives 
substantially all address, data and control information over said 

bus . 



108. A semiconductor device oapable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to/a bus wherein said bus includes 



a plurality of bus lii 
data, control and devil 



rrying substantially all address 
information needed by said 



semiconductor device f oV cWlunication with substantially every 
other semiconductor devicte dfonnected to said bus, and has 
substantially fewer bus lij*es\han the number of bits in a single 
address, and carries deviee-sele\t information for said 
semiconductor device without the need for a separate device- 
select line connected d/rectly\to sa\d individual semiconductor 



bus further including at least one bus clock line 



device, 

for carrying early andf late bus ^lock signals , said semiconductor 

device comprising 

connection/ means adapted to connecl\said semiconductor 

device to saicy bus , and 

an internal device clock generating means which 



device clock synchronized to a time 
halfway between said early and said late bus clock signals. 
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109 • The semiconductor device; of claim 
further includes a first and a second one 

lines, said first bus clock line carries s'aid early bus clock 
signal and said second bus clock line carries said late bus clock 
signal, said semiconductor device further comprising a means to 
detect said early bus clock signal on s'aid first bus clock line 
and a means to detect said late bus c/ock signal on said second 
bus clock line. 

110. The semiconductor device of claim 109 wherein said 

semiconductor device is armemory device which connects 

\ \ / 

substantially only to said bds an'd sends and receives 
substantially all address A dataVand control information over said 



bus . 



111. A semiconductor delice capabl\of use in a semi- 
conductor bus architecture Including a plurality of semiconductor 
devices connected in parallel \o a bus wherein said bus includes 
a plurality of bus lines f/r carrying as a sequential series of 
bits substantially all adAress, data, control and device-select 
information needed by said semiconductor device for communication 
with substantially eve=y other semiconductor device connected to 
said bus, and has substantially fewer bus lines than the number 
of bits in a single address, and carries device-select 
information for said semiconductor device without the need for a 
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separate device-select line connected directly to said individual 

semiconductor device, said semiconductor device comprising 

/ 

connection means adapted to connect said semiconductor 



device to said bus, 

a plurality of input 

bus data lines and 

a selection means 

one by one to sense and 



:onnected to one of said 



selecting said input receivers 
, one at a time, the bits of 



said 



series of bits. 



112. The semiconductor device of claim 111 wherein said 
semiconductor device isTaonemory dj&vice which connects 



substantially only to said btts an 
substantially all address\ data^ 



sends and receives 
nd control information over said 



bus . 



113. The semiconductor device o\ claim 112 wherein two input 



receivers are connected to one\of 



bus lines . 



114. A semiconductor ittevice capable of use in an 
architecture for a semiconductor system bus\including a plurality 
of semiconductor device/ connected in parallel to a bus wherein 
said bus system includes a plurality of bus lines for carrying 

all address, data, control and device-select 
information needed bV said semiconductor device for communication 
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with substantially every other semiconductor device connected to 
said system bus, and has substantially fewer bus lines than the 
number of bits in a single address, and 7 carries device-select 

* § 

information for said semiconductor device without the need for a- 
separate device-select line connected directly to said individual 
semiconductor device, said semiconductor device comprising 

connection means adapted^ to connect said semiconductor 

device to said system bus, 

an internal input/output bus within said semiconductor 
device having more lines than said system bus, and 

a means foi^multiplixing the lines of said internal bus 
to the lines of sa^d system bus, whereby said system bus can 
run at a higher speedvthan said internal bus. 



115. The semiconductor devdce of claim 114 wherein said 
semiconductor device is y4\ memorySrievice which connects 
substantially only to said system bus and sends and receives 
substantially all addr4ss,\*ata andfeontrol information over said 

system bus. 



.* 116. A semiconductor device capable of use in an 
architecture for L semiconductor system bus including a plurality 
of semiconductor/devices connected in parallel to a bus wherein 
said system bus/ includes a plurality of bus 



for carrying 



substantially /all address, data, control and device-select 
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information needed by said semiconductor /device for communication 
with substantially, eyery^ other semiconductor device connected to 
said system bus, and has substantially fewer bus lines than the 
number of bits in a single address, and carries device-select 
information for said semiconductor de/ice without the need for a 
separate device-select line connecte 

I 




to said individual 



semiconductor 



semiconductor device, said semiconductor device comprising 

connection means adapted/to connect said semiconductor 
device to said system bus, 

an internal input /output bus within 
device having more lines than said system bus, 

a means for multiplexing the lines of said internal bus 
to the lines of sMd ayofcem bus, whereby said system bus can 
run at a higher sp\ee\ than said internal bus, and 

at least one modifiable identification register 
accessible to said Wtembua through said connection means, 
whereby data may beltransmVtted to said register via said 



system bus and whicl 
uniquely identified. 



enables\said device thereafter to be 



/ 117. The semiconductor device of \laim 116 wherein said 
semiconductor device' is a memory deviceVhich connects 
substantially only /to said system bus and\ sends and receives 
substantially all/address, data and controKinformation over 
system bus. 
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118. A semiconductor device capable of use in an 



25 



architecture for a seniconductor systL bus including a plurality 
of semiconductor devices connected if parallel to a bus wherein 
said system bus Includes a plurality* of bus lines for carrying 
substantially all address, data, coitrol and device-select 
information needed by said semiconductor device for communication 
with substantially every other semiconductor device connected to 
said system bus , and has substantially fewer bus lines than the 
number of bits in a single address , and carries device-select 
information for said semiconductor device without the need for a 
separate device-select line connected directly to said individual 
semiconductor device, said semiconductor device comprising 

connection Sfeans adapted to connect said semiconductor 

device to said syVt< 

an internal Apd^utput bus within said semiconductor 

device having moreUneVthan said system bus, 

a means for multipleVg the lines of said internal bus 
to the lines of sa/d\ sy stem\us , whereby said system bus can 
run at a higher s/eeo. than saiWernal bus , and 

at least on/modrfiable register to hold device address 
•' information, sa/d modifiable register accessible to said 
system bus through said connection means, whereby data may 
be transmitted to said register via said system bus which 
enables said Lvice thereafter to respond to a predetermined 
range of addresses. 



* ■ 
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*.^" : - : Yl9.'"Tho semiconductor device of oiaim 118 wherein said 
semiconductor device is a memory device which connects 
substantially- only to said system bus 7 and sends and receives 
substantially all address, data and /control information over said 
system bus . 

120. The semiconductor device of claim 119 wherein said 
memory device has at least one discrete memory section and also 
has at least one modifiable address register adapted to store 
memory address information which corresponds to each said 
discrete memory section. 



121. A semiconductor device capable of use in an 
architecture for a se^conductor system bus including a plurality 
of semiconductor devidbs^onnected in parallel to a bus wherein 
said system bus includeW a Plurality of bus lines for carrying 
substantially all address, datkand control information needed by 
said semiconductor devicfe for communication with substantially 
every other semiconductor^ device connected to said system bus, 
and has substantially^ feweV bus line\than the number of bits in 
a single address, 

semiconductor device comprxsmg 
connection means adapted to connect said semiconductor 

device to sai/d system bus, 

an internal input/output bus within\said semiconductor 

device having more lines than said system 
High Performance Bus Interface -111- 
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a means for multiplexing the l/ines of said internal bus 
to the lines of said system bus/ yhefeby said system bus can 
run at a- higher speed than said internal bus , and 

at least one modifiable aofcess-time register accessible 
to said system bus through sa/d connection means, whereby 
data may be transmitted to said register via said system bus 
which establishes a predetermined amount of time that said 
semiconductor device ther/after must wait before using said 
system bus in response to a request. 



122. The semiconductor device of claim 121 wherein said 
semiconductor device Vs\/memory device which connects 
substantially only to WdNsystera bus and sends and receives 
substantially all addreL, dka and control information over said 



I3> system bus . 



123. The semiconductor: deviceNof claim 121 further 
comprising at least/ two access -time Registers and one of said 
access-time regist/ers is permanently programmed to contain a 
fixed value and L least one of said access-time registers can be 
modified by information carried on said system bus. 

124. A semiconductor device capable of use in a semi- 
conductor bu4 architecture including a plurality of semiconductor 

25 devices corrected in parallel to a bus wherein said bus includes 
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a plurality of bus lines for carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected/ to said bus, and has 
substantially fewer bus lines than the number of bits in a single 



address, and carries device-select/ information for sai 
semiconductor device without the yheed for a separate device- 
select line connected directly Jo said individual semiconductor 
device, wherein said address, data, control and device-s 



information is 



over said bus in the form of request 



packets and bus transactions/ said semiconductor device 



• • 



comprising 



connection 
device to said bui 



adapted to connect said semiconductor 



a means to rediive\aid request packets over said bus, 
a means to deAde information in said request packets, 



and 



a means to 



id to 



information in said request 



packets ♦ 



* 125- The semiconductor device of claim 124 wherein said 



means to decode information in said 



packet further 



comprises 



a means to identify and decode 



control information 



in said 



packet 
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a means to identify and decode said device-select 
information in said request packet* 

a means to identify and decode said address information 

in said request packet and 

a means to determine whether said control information 
or said address information /instructs said semiconductor 
device to begin a response 
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126. The semiconductor device of claim 124 wherein each of 
aid bus transactions is carried out in response to said address 
and said control informatiqh in one of said request packets, and 

and decode information in said 
means to identify a sequence of bytes 
request packets containing said 
ormation, said control information 



wherein said mean 



request packets inc 



on said bus as one o 



address and said contr 



including information 
being requested and the 
before beginning said bus 



address and 




type of 



bus transaction 



e which needs to intervene 



on over 



bus and said 



control informatioAv includes device-select 
information instructing one or more said semiconductor devi 
respond to said address and said control "information. 



ces to 



127. The s4miconductor device of claim 124 further 



comprising 
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a 



a plurality of sense amplifiers/ adapted to precharge to 
state or to latch a bit /of information, 




a means to hold said sense amplifiers in an unmodified 
state after latching one of said /bits of information, 
~ a means to precharge said sfense amplifiers and 

a means for selecting whether said semiconductor device 
should precharge said sense amplifiers or should hold said 
sense amplifiers in an unmodified state. 

128. The semiconductor devi/ce of claim 124 wherein said 
means to respond to said information, where said information is 
control information, fu^her comprises a means to 

transfer a dat^Wck during a data block transfer, 

further including a mean: 

read data frlra said semiconductor device and 

- -/V - v— - -~ - 

initiate a data/ block transfer, 
transfer a datl block of a selected size, 
transfer a da/a block at a selected time, 
access a con/rol register, including a means to 
*" from or write to/ said control register^ or 
select normal or page-mode access 



129. The semiconductor device of claim 124 further 
comprising a meai/s to respond to said information in said request 



t 

t 
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packet if said information includes a/device identification 



number ''unique to said semiconductor 



130. The semiconductor device/of claim 124 further 
comprising a means to respond to/said information in said request 



packet if 



information includes a special device 



identification number which ca/ls for said semiconductor device 



to respond. 



131. The semiconductor .device of claim 124 further 



comprising a means 
packet if said info 



semiconductor device. 



nd to said information in said request 
includes an address unique to 



132. The semicond 



comprising a means to /i 
decode the time to wafit 



over 



bus • 




vice of claim 124 further 



said control information and 



ginning 



bus transaction 



133. The semiconductor device ot\claim 124 further 
comprising a mearfs to interpret said control information and 
decode the size /of a data block to transfer during one of said 



bus transactions. 
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134. The semiconductor device of /claim 124, 125, ±*o, 
128, 129, 130, 131V 132 or 133 wherein said semiconductor device 
is a memory device which connects substantially only to said bus 
and sends and receives substantially all address, data and 
control information over said bus. 



135. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus lines f/r carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor deviceVfW communication with substantially every 
other semiconductor dW.dte connected to. said bus, and has 
substantially fewer by4. lines than the number of bits in a single 
address, and carries MevAce-select information for said 
semiconductor device/ without thV need for a separate device- 
select line connected dirictly to\said individual semiconductor 
device, wherein sa'id addrefes, data\control and device-select 
information is carried overpaid bus in the form of request 



packets and bus /transactions, said semiconductor device 
comprising 

connection means adapted to connect said semiconductor 

/ 

device to said bus, 

a Zeans to encode address and control information in 

said request packets and 

/ 
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a means to send said request Rackets over said bus. 



136. The semiconductor device of claim 135 further 
comprising a means to request a bus transaction wherein each of 
said bus transactions is carried out/ in response to said address 
and said control information in one 7 of said request packets, and 



wherein said means to encode information in said request packets 
includes a means to mark a sequence of bytes on said bus as one 
of said request packets, said control information including 
information about the type of said bus transaction being 
requested and the access time ihich needs to intervene before 
beginning said bus transactor/ over said bus and said address and 
said control informalG^incl/udes device-select information 
instructing one or more sW semiconductor devices to respond to 
said address and said control information . 

137. The semiconducl&r device of claim 135 wherein one or 
more of said plurality oA semiconductor devices has a" unique 
device identification numb) 

comprising a means to /send \ontrol information to a specific one 
of 'said plurality of LmicondWtor devices by including in 
request packet a se/ected said device identification number. 

I 

138. The semiconductor device of claim 135 wherein each of 
said plurality or semiconductor devices is adapted to respond to 
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number 



further comprising a means to send control information to each of 
said plurality of semiconductor device's by including in said 
request packet said special device identification number. 

139. The semiconductor device Lt claim 135 wherein one or 
more of said plurality of semiconductor devices is a memory 
device having a plurality of addresses, said semiconductor device 
further comprising a means to sedd control information to a 
specific address or range of addresses in one of said plurality 



of semiconductor devices by including said specific address or 
range of addresses in said request packet. 



140. The semiconducto 



one of said request \acket/s is a request packet requesting a bus 



device of claim 135 wherein at least 



transaction which is 
transactions , 
means to encode 



ol by a corresponding one or 



bus 



indirectly the time betweW the\end of 



semiconductor device further comprising a 
control information to specify directly or 

request packet 



requesting a bus transaction^ and\said corresponding bus 
transaction over said bus. 



141. The semic'onductor device of claim 140 wherein one type 
of said bus transactions is a transfer of a data block, said 
semiconductor de/ice further comprising a means to encode said 
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control information to spec 



trans 




ifv the size of said data block to 

. • -J ......... - . 



F ; * 

in 

i ^ 

S - 5 



3 



3 3 



20 



142. The semiconductor device of claim 140 further 
comprising a means to keep track of/ current and pending bus 
transactions, whereby collisions ok said bus are avoided because 
said semiconductor device avoids initiating bus transactions 
which would conflict with current/ or pending bus transactions. 

143. The semiconductor dev/ce of claim 135 wherein said 
semiconductor device is a fin 
plurality of semiconductor d< 

further comprising 

a collision detb&ng means whereby said first master 
device when sending one of said request packets can 

detect said second master device sending a colliding one of 



master device and one of said 
is a second master device, 



said request packets, frhere 



may be sent simultaLoul with\he initial sending of or 
overlapping the sending \f said first request packet, and 

an arbitrati/n means whereby said first and said second 
master devices select a priority order in which each of said 
master devices /Will be allowed to access said bus 
sequentially. 



colliding request packet 
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#-144; The semicbnductoir device of /claim 143 wherein said 
semiconductor device is a master device and at least one of said 
plurality of semiconductor devices is a master device, each of 
said master devices has a master ID number and each of said 
request packets includes a master/ ID position which is a 
predetermined number of bits in L predetermined position in said 
request packet, and wherein said collision detection means 
comprises 

a means for said semiconductor device to send its 



a means to detect 7 a collision and invoke said 



master ID number in sai4 request packet and 

7 J 



arbitration means if /said semiconductor device detects any 
other master \d number in said master ID position 

145. The semiconductor device of claim 144 wherein said 
system bus architectuj/e includes a means for carrying information 
on said bus during hl\ cycles, said semiconductor device further 



comprising 

a means lor driving a\selected bus line or lines during 
at least one/ selected bus cycle while sending each said 

request packet, 

a means for monitoring said selected bus line or lines 
to see if/ another said master device is sending one of said 
colliding request packets and 
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\ a means for informing all said master devices that a 
collision has occurred and f or ihvokirig said arbitration 



means 



146. The semiconductor device of cAaim 145 further 



comprising 

a means, when sending a regjuest packet, for driving a 
selected bus line or lines with a certain current during at 
least one selected bus cycle, 

a means for monitoring {/aid selected bus line or 
for a greater than formal current to see if another said 
master device is driving that line or lines, 

a means for detecting said greater than normal current, 

and 

a means for informing, all said master devices that a 
collision has occurredA and\f or invoking said arbitration 



o means . 



147. The semiconductor device ofr claim 143 wherein said , 

20 arbitration means comprises 

a means for/ initiating an arbitration cycle, 
a means for allocating a single bus line to each said 
master device Muring at least one selected bus cycle 
relative to tine start of said arbitration cycle. 
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'. means for allocating each s*U master device to a 
single bus line during one of said/selected bus cycles if 
there are .ore master devices W available bus lines, 

a means for each of said master devices which sent one 
of said colliding request packers to drive said bus line 
allocated to said master devic/ during said selected bus 
cycle # and 

a means in at least one kt said master devices for 
storing information about which master devices sent one of 
said colliding request packets, 

whereby said master divices can monitor selected bus 

/ • * 



wnerecy oa-u« / 

iines during said arbitration cycle and identify each said 

m — a. a ^^—^ m 4* 



^.te, device „hit\sent/one of said colliding request 



packets 




148. The semiconducl/ device of claim 143 wherein said 



arbitration means compri: 

a means for idltifyingW of said master devices 

which sent one of s4L colliding request packets , 
a means for IsigUng a priority to each 
' device which sen/ one of said colliding request packets , and 

a means fo/ allowing each said master device which sent 
one of said colliding request packets to access the bus 
sequentially /ccording to that priority. 
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^ 149 . The semiconductor 

* * » * * 

priority is based on the phyi 



devices . 



150. The semiconductor d 



priority is based on said 



devices . 





claim 143 wherein said 
ocation of each of said master 



of claim 143 wherein said 



number of said master 
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